

SPECIFICATION 



NON-AQUEOUS ELECTROLYTE SECONDARY BATTERY 



TECHNICAL FIELD 

The present invention relates to a non-aqueous 
electrolyte secondary battery using a porous material 
comprising an active material as an electrode material. 

BACKGROUND ART 

Positive and negative electrodes of a non-aqueous 
electrolyte battery, particularly lithium secondary battery, are 
produced by mixing a powdered active material, a conductive 
material and a polymer binder, dissolving the mixture in a 
solvent to form a coating composition, applying the coating 
composition on a metal foil, drying the coating composition and 
forming the coated metal foil into a predetermined shape. 
The proportion of the active material in this electrode is about 
40% by volume. The remainder of the electrode is composed of 
20 to 30% by volume of binding material, conductive materials, 
metal foils or the like and 30 to 40% by volume of pores. 
Accordingly, an electric capacity per unit volume is limited by 
those, which do not substantially contribute to the capacity of 
the electrode, such as binding material, conductive materials, 
metal foils and the like. The metal foil occupies the major 
portion of the weight of the electrode and also limits the 
electric capacity per unit volume. 

Furthermore, manufacturing of a coat requires a lot of 
steps such as mixing and dispersing of binding material, 
application of a coating composition, drying of the coat, 
calender press and the like, and it is complicated. On the 
other hand, the electrode material must satisfy required 




performances peculiar to the coating composition, such as 
shape of particles and the like. Also, performances, which are 
not substantially necessary to the electrode material, are 
required, resulting in increase of the cost. 

In a lot of commercially available products, a pair of 
positive and negative electrodes has a ribbon-like shape, and 
is placed in a container after winding and crushed into a 
flattened shape and then the container is sealed. According 
to this method, the corner portion has poor packing in case of 
packing in a rectangular container so that the electric capacity 
per unit volume is further lowered. 

DISCLOSURE OF THE INVENTION 

Hence, an object of the present invention is to provide a 
non-aqueous solvent secondary battery, which can reduce the 
volume of a dead space in an electrode contained in a container 
of the constituted battery, thereby to increase an electric 
capacity per unit volume, by using a porous material 
comprising substantially only an active material as an 
electrode material. 

The another object of the present invention is to provide 
a non-aqueous solvent secondary battery, which can 
sufficiently bring an active material into contact with an 
electrolyte solution, electrically, and can reduce the amount of 
a metal foil as a current collecting material and a conductive 
material or make use of them unnecessary, and can increase an 
electric capacity per unit weight in comparison with the prior 
art, by using the porous material as the electrode material, 
rather a powder material. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic diagram of a unit cell wherein a 



positive electrode of a porous sintered material and a negative 
electrode of a porous sintered material are laminated through 
a separator. 

Fig. 2 is a schematic diagram of a first sandwich type 
cell wherein a positive electrode of a porous sintered material 
is formed on both sides of a current collecting tab and a unit 
cell is formed on both sides thereof. 

Fig. 3 is a schematic diagram of a second sandwich type 
cell wherein a negative electrode of a porous sintered material 
is formed on both sides of a current collecting tab and a unit 
cell is formed on both sides thereof. 

Fig. 4 is a schematic diagram of a multi-layer type cell 
wherein a positive electrode of a porous sintered material 
formed on both sides of a current collecting tab and a negative 
electrode of a porous sintered material formed on both sides of 
a current collecting tab are laminated. 

BEST MODE FOR CARRYING OUT THE INVENTION 

In Fig. 1, a basic form of a unit cell of the present 
invention is shown, the unit cell being formed by laminating a 
positive electrode 5 of a porous sintered material and a 
negative electrode 3 of a porous sintered material through a 
separator 4, bonding each collecting tab 2 on upper and lower 
end surfaces and covering with an insulating material film 1. 

The above positive electrode 5 of the porous sintered 
material can be made optionally in a suitable size according to 
usage, and the thickness is from 10 ju m to 2 mm, and 
preferably from 50 /i m to 1 mm. When the electrode is in the 
form of a plate, the thickness must be adjusted to not more 
than 2 mm. When the thickness is not less than 2 mm, the 
resistance of ions flowing in a publicly known non-aqueous 
electrolyte solution becomes top large in view of practical use 



and the internal resistance becomes large. Therefore, a 
potential loss due to the non-aqueous electrolyte solution 
exceeds 0.1 V relative to a current of 1A. Paying attention to 
portable usage, the thickness is preferably not less than 50 n 
m to dynamically protect a structure from vibration and 
impact. In case of laminating, since the proportion of the 
volume occupied by a separator increases when the number of 
layers is increased, the thickness is preferably about 0.5 mm. 

As the material for positive electrode, there can be used 
any material which has been publicly known heretofore, and 
examples thereof include Li x Co0 2 , Li x NiO a , MnO a , Li x Mn0 2 , 
LiMn 2 0 4 , Li x Co y Mn 2 . y 0 4 , a -V 2 0 5 , TiS 2 and the like. 
Particularly, a substance containing LiCo0 2 , LiNi0 2 , LiMn0 4 
or a lithium transition metal oxide as a main component is 
referred. 

It is preferred that this plate-like porous sintered 
aterial contains pores of an average diameter of 0.01 to 100 




\i m, preferablj 
to 10 ii m, in t 



from 0.1 to 50 \i m, and particularly from 0.1 
e proportion of 15 to 60%, and normally from 
25 to 50%, basek on the total volume. Because the proportion 
of the pores mult be not more than 60% in a volume proportion 
in order to increlase the amount of the electrode material in the 
electrode in conlparison with the case where the electrode is 
formed by using! a conventional powder material. Since the 
electrolyte solution must be penetrated into the electrode, the 
proportion of the! pores is preferably not less than 15%. When 
the diameter of I the pores is not more than 0.01 ii m, the 
electrolyte solution does not easily penetrate and it is not 
suitable for practical use. Since ions flow in the electrolyte 
solution in the firm of solvation, the diameter is preferably 
large such that thte resistance does not become too large even if 
the current denkity becomes comparatively large. The 
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maximum diameter must be not more than 100 11 m so as to 
protect the entire\structure by this wall thickness and the 
proportion of the houes is adjusted to not more than 60% based 
on the whole volum*. The term "porosity (proportion of the 
pores)" used herein m\eans an open porosity and was measured 
by the Archimedes' Viethod. The average diameter was 
measured by the mercury penetration method. 
Archimedes' method 

The porosity can be obtained by the following equation: 

Porosity = apparent porosity (open porosity) = open pore 
volume/external form volume 

= (W 3 - W 1 )/(W 3 - W 2 ) x 100 
where W x denotes an original weight of a sample, W 2 denotes a 
weight obtained by measuring in water after evacuating or 
boiling in water to expel air in pores and cooling the sample, 
and W 3 denotes a weight obtained by measuring after taking 
out the sample from water and wiping only the surface to 
remove water drops. 
Mercury penetration method 

Using a mercury porositor, Pore Sizer 9320 
manufactured by Shimadz Seisakusho Co., Ltd., the 
measurement was performed at normal temperature (25°C). 
That is, using a 15 ml cell for solid, the average diameter of the 
calcined sample was measured at the low pressure measuring 
portion from 0 to 14.5 psi (0 to 0.1 MPa) and at the high 
pressure measuring portion from 14.5 to 30,000 psi (0.1 to 207 
MPa) by the pressure/penetration amount variable speed 
pressure method. 

Regarding the size of the pore diameter, a median 
diameter on the volume basis determined under the conditions 
of a contact angle of mercury of 130° , a surface tension of 484 
dynes/cm and a density of 13.5462 g/ml was taken as the pore 



diameter size. 

The wall thickness between pores is adjusted to not 
more than 40 ju m. Regarding the wall thickness between 
pores of the porous material, an efficient value is decided by 
diffusion of ions. In order to meet the demand of use in a 
portable telephone capable of charging over 3 hours and 
discharging over 1 to 2 hours, the performances of the 
electrode material can not be sufficiently utilized unless the 
distance of diffusion is not more than 20 n m. That is, the 
wall thickness is preferably adjusted to the value (not less 
than 40 /x m) two times as large as the diffusion distance. 

The calcined material as the positive electrode obtained 
directly from the raw material of the positive electrode has low 
density as it is. Regarding penetration of the electrolyte 
solution, pores are merely present insufficiently. Accordingly, 
an electrode material having sufficiently high density can be 
obtained by temporarily calcining powders of a raw material 
containing lithium carbonate, cobalt carbonate, etc. to form 
powders, which are partially unreacted, followed by forming 
and further normal calcination under an oxidizing atmosphere. 
The method of forming pores includes a method of merely 
forming powders and heat-treating the formed article. 
However, in order to prevent the inhibition of flow of ions to 
sufficient penetration of electrolyte solution, when organic 
fibers (those having a diameter of about 0.1 to 100 urn) of 
wool, cotton, silk, nylon, acrylic, acetate, polyester and the 
like or organic polymer particles (those having a diameter of 
about 0.1 to 100 n m) of nylon, PMMA (polymethyl 
methacrylate) and the like are incorporated into the 
temporarily calcined powders and the organic fibers are 
evaporated by normal calcination to effectively form a route 
through which ions pass, a voltage drop can be more reduced to 
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arge current. 

^ Jp?By thVi same reason, the above negative electrode 3 is 
"a porous sintered material having a plate-like 
thickness of 100 \i m to 2 mm, and the porous 
4rial contains pores of an average diameter of 0.1 
3referably from 0.1 to 50 // m, and particularly 
from 0.1 to 110 ii m, in the proportion of 15 to 60%, and 
preferably from 25 to 50%, based on the total volume, and an 
average wall thickness between the pores is not more than 40 
\x m. Examples of the material for negative electrode used in 
the present [invention include publicly known electrode 
materials sucn as ^carbon material, oxide of Groups Illb-Vb, 
metallic aluminum, silicon, silicon compound and the like. As 
the carbon material, there can be used carbon material such as 
natural graphite, coke, glassy carbon graphite precursor or the 
like. Particularly, a carbon material obtained by calcining a 
raw material, wnich is carbonized by a heat treatment, is 
preferred. The \material, which is carbonized by a heat 
treatment, is notl specifically limited, and specific examples 
thereof include thermosetting resins such as phenol resin, 
epoxy resin, unsaturated polyester resin, furan resin, urea 
resin, melamine resin, alkyd resin, xylene resin or the like; 
condensed polycyciic hydrocarbon compound such as 
naphthalene, acenatphthylene, phenanthrene, anthracene, 
triphenylene, pyreneAchrysene, naphthacene, picene, perylene, 
pentaphene, pentacene or the like, or a derivative thereof; or a 
pitch containing a mixture of them as a main component. 
Particularly preferred aspect is a plate-like positive electrode 
material comprising substantially 30 to 90% by weight of 
silicon and 10 to 70% bylweight of carbon, which is obtained by 
mixing silicon or a compound thereof with a carbon materi- Ql ~<^~ 
a carbonized material obtained by calcination of the ca 
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material, Y nd calcining the mixture under a non-oxidizing 
atmospher\ at 600 to 1500^. When organic fibers (those 
having a diimeter of about 0.1 to 100 n m) of wool, cotton, silk, 
nylon, acrylic, acetate, polyester and the like or organic 
polymer parkcles (those having a diameter of about 0.1 to 100 
H m) of nyloA, PMMA (polymethyl methacrylate) and the like 
are incorporated into the.temppr^ the 
organic fibers\ are evaporated by normal calcination to 
U effectively form\a route through which ions pass, a voltage 
\ \ drop can be more\reduced to a large current. In this case, the 
.A V^organic fibers orVolymers to be used are preferably those, 
J which are vaporized, under a non-oxidizing atmosphere at high 
temperature. The cWrbon material is preferably carbonized at 
the calcination temperature of not less than 800 °C , and 
preferably from 1200 tt> 3000°C In this carbonization step, 
thermosetting fibers are\ decomposed and evaporated to form 
communicating pores, whereas the thermosetting resin is 
cured and carbonized whirfe maintaining its form. When the 
carbonization temperature \is lower than 800°C, components 
other than carbon are remaLd and those having an electric 
conductivity of higher than 5\X 10 3 S/cm can not be obtained. 
When the carbonization temperature is not less than 1200°C, 
since not only hydrogen but a>lso oxygen can be removed, a 
carbon mass having high electrit conductivity can be obtained. 
A carbon thin plate can be obtained by cutting the resulting 
carbon mass, for example, a caribon bar into pieces having a 
desired thickness in the direction which is nearly 
perpendicular to the formed pores^. 

The aarbon thin plate may also be produced by using a 
£ubstace, which is soluble in an acid, e.g. metal fibers in place 
of the organic fibers, curing the thermosetting resin in the 
same manner* as that described above, cutting into pieces 
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having \ desired thickness and eluting the metal fibers with 
an acidA A carbon thin plate having curved communicating 
pores caA be obtained by kneading the thermosetting resin 
with an inVrganic salt such as sodium carbonate in place of the 
metal fibeL carbonizing the mixture, followed by cutting and 
elution wilh an acid. The communicating pores may be 
formed by\aser radiation, electron radiation, synchrotron 

radiation orUhe like. 

The above separator 4 may be any known one such as 
thin polyethylene micro-porous film, polypropylene micro- 
porous film or polypropylene non-woven fabric having a 
thickness of not more than 200 n m, and preferably not more 
than 50 \i m. 

The non-aqueous electrolyte solution used in the 
present invention is prepared by appropriately using an 
organic solvent in combination with an electrolyte, but these 
organic solvent and electrolyte may be any one used in this 

kind of a battery. 

Examples of the organic solvent include propylene 
carbonate, ethylene carbonate, vinylene carbonate, dimethyl 
carbonate, diethyl carbonate, methylethyl carbonate, 1,2- 
dimethoxyethane, 1,2-dimethoxyethane methylformate, 
butyrolactone, tetrahydrofuran, 2-methyltetrahydrofuran, 
1,3-dioxolane, 4-methyl-l,3-dioxolane, diethyl ether, sulfolane, 
methylsulfolane, acetonitrile, propionitrile, butyronitrile, 
valeronitrile, benzonitrile, 1,2-dichloroethane, 4-methyl-2- 
pentanone, 1,4-dioxane, anisole, diglyme (CH 3 OCH 2 CH 2 ) 2 0, 
dimethylformamide, diemthyl sulfoxide and the like. 

It is more preferred to use the above chain carbonate 
and cyclic carbonate in combination in comparison with the 
case where they are used alone respectively. The mixing ratio 
of the former is preferably from 1 to 99% by volume, and more 



preferably from 20 to 80% by volume. 

Examples of the electrolyte include LiC10 4 , LiAsF„, 
LiBF 4 , LiB(C 6 H 5 ) 4 , LiCl, LiPF 6 , LiBr, Lil, CH 3 S0 3 Li, CF 3 S0 3 Li, 
LiAlCl 4 and the like. These electrolytes can be used alone or 
in combination thereof. 

Fig. 2 shows a first sandwich type cell wherein using, as 
a center, a composite positive electrode plate 50 obtained by 
forming positive electrode plates 50-1, 50-2 of the porous 
sintered material on both sides of a current collecting tab 20, a 
negative electrode plate 3-1 of the porous sintered material, an 
upper current collecting tab 2-1 and an upper insulating 
material film 1-1 are laminated on an upper positive electrode 
plate 50-1 through a separator 4-1, thereby to form an upper 
unit cell, whereas a negative electrode plate 3-2 of the porous 
sintered material, a lower current collecting tab 2-2 and a 
lower insulating material film 1-2 are laminated on a lower 
positive electrode plate 50-2 through a separator 4-2, thereby 
to form a lower unit cell. Since the cell shown in Fig. 2 is the 
same as that shown in Fig. 1 except for the structure of the 
positive electrode plate, the description is omitted. Each 
positive electrode plate has a structure of sandwiching the 
current collecting tab 20 between plate materials having a 
thickness which is half as large as that of the negative 
electrode plate. 

Y^T^ig. 3 Uows a second sandwich type cell wherein using, 
L a/£enter, I composite negative electrode plate 30 obtained 
by forming negative electrode plates 30-1, 30-2 of the porous 
sintered material on both sides of a current collecting tab 20, a 
positive electroVe plate 5-1 of the porous sintered material, an 
upper current Collecting tab 2-1 and an upper insulating 
material film 1- A are laminated on an upper negative electrode 
plate 30-1 throu^Oi a separator 4-2, thereby to form an upper 
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unit cell, wAereas a positive electrode plate 5-2 of the porous 
sintered material, a lower current collecting tab 2-2 and a 
lower insulating material film 1-2 are laminated on a lower 
negative electlode plate 30-2 through a separator 4-2, thereby 
o form a loweV unit cell. Since the cell shown Fig. 3 is the 
same as that shown in Fig. 1 except for the structure of the 
negative electrdde plate, the description is omitted. Each 
negative electrode plate has a structure of sandwiching the 
current collecting tab 20 between plate materials having a 
thickness which \s half as large as that of the positive 

electrode plate. 

Fig. 4 shows a multi-layer type cell constituted by 
repeating a battery unit 6, obtained by laminating a complex 
positive electrode plate 50 equipped with a porous sintered 
material formed on both sides of the above current collecting 
tab and a negative electrode plate equipped with a porous 
sintered material formed on both sides of the current 
collecting tab through a separator 4, laminating a negative 
electrode plate 3-1, an upper current collecting tab 2-1 and an 
upper insulating material film 1-1 are laminated on the upper 
side, and then laminating a positive electrode plate 5-2 of the 
porous sintered material, a lower current collecting tab 2-2 
and a lower insulating material film 1-2. Since the respective 
constituent elements are the same as those shown in Fig. 1 to 
Fig. 3, the detailed description is omitted, 
introduction Example 1 (Production of positive electrode) 

pi/^" A Uithium carbonate powder and a cobalt carbonate 
^poVder wtere weighed and mixed so as to be in a molar ratio 
(Li: Co) ofV.l, and the mixture was t^rnpjD^arjrt^ 
atmospheric^environnTent atlJOO^Tor 1 hour. After grinding, 
acrylic fibets of a diameter of 20 n m and a length of 50 n m 
were mixed\and the mixture was pressurized. Then, the 
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resulting pressurized article was heat-treated^_in__a^ 
atmospheric environment at 800°C for 10 hours andj ground to 
obtain a positive electrode of a diameter of 15 mm, a thickness 
of 0.4 mm, a density of 3.0 g/cm a and a porosity of 40%. 
Production Example 2 (Production of positive electrode) 

lithium carbonate powder and a cobalt carbonate 
powder were weighed and mixed so as to be in a molar ratio 
(Li:Co) ofl 1:1, and the mixture was temporarily calcined in an 
atmospheric environment at 800°C for 1 hour. After grinding, 
spherical If MMA particles of an average particle diameter of 5 
ti m were mixed and the mixture was pressurized. Then, the 
resulting pressurized article was heat-treated ^j,n_ an 
atmospheric\environment at 900°C for 10 hours an<Tground to 
obtain a positive electrode of a diameter of 15 mm, a thickness 
of 0.6 mm, a density of 3.1 g/cm 3 and a porosity of 38%. 
Production Example 3 (Production of negative electrode) 

Seven hundred thousand polyester fibers of a size of 20 
ji m were contained in a cylindrical container of an inner 
diameter of 18 mm and a thermosetting resin, specifically a 
composition comprising 100 parts by weight of furfuryl alcohol, 
46 parts by weight of paraformaldehyde and 134 parts by 
weight of phenol, was charged to fill the space in the container, 
thereby impregnating the fibers. After the resin is cured by 
placing in a dryer at 80^ for 72 hours, the resulting bar-like 
cured article was cut into pieces in the form of a disc having a 
thickness of 0.5 mm by using a diamond cutter. Then, the disc 
was heat-treated under an inert atmosphere at 2200°C for 3 
hours to carbonize the cured resin and to decompose and 
vaporize the impregnated fibers, thereby obtaining a carbon 
thin plate of a diameter of 15 mm, a thickness of 0.4 mm, a 
weight of 0.05 g and a porosity of 36%. This carbon thin plate 
was observed by using a microscope (X200). As a result, the 
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number of communicating pores having an average pore 
diameter of 20 // m in 1 mm 2 was 2000. A metal plate was 
laminated on both sides of the carbon thin plate and the 
electric conductivity in the thickness direction was measured. 
As a result, it was not less than 1 X 100 S/cm. This was used 
as a negative electrode. 

Production Example 4 (Production of negative electrode) 

0 Parts by weight of a commercially available 
crystalline silicon powder (manufactured by Kojundo Kagaku 
Co.) havVng a purity of 99.9% and an average particle diameter 
of 1 // iA and 50 parts by weight of pitch carbon (residual 
carbon rate: 50%) were mixed and dispersed in isopropyl 
alcohol bj\ using a vibration mill. After the suspended slurry 
was allowled to stand at room temperature for 24 hours, 
isopropyl alcohol was removed by using a vacuum trap and a 
mixed powjder of the silicon powder and pitch carbon was 
formed. The formed article had a diameter of 15 mm and a 
thickness of\o.4 mm. At this time, 1% by weight of polyvinyl 
alcohol was added as a forming aid. Forming was performed 
under the prtessure of 1.3 ton/cm 2 . The molded article was 
calcined in a nritrogen atmosphere at llOO'C at a heating rate 
of 100°C/hour for 3 hours, and the calcined formed article was 
used as the negative electrode. 
Example 1 

A polyethylene porous film as a separator was 
interposed between the positive electrode and negative 
electrode obtained in Production Examples 1 and 3, and a 
solution prepared by adding lithium hexafluorophosphate (1 
mol/1) to a mixed solvent of ethylene carbonate and dimethyl 
carbonate in a volume ratio of 1:1 was added as an electrolyte 
solution to obtain a coin type lithium ion secondary battery. 
The electric capacity was 18 mAh. 
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Example 2 

A metal piece for collecting a current was attached to 
the positive electrode plate and negative electrode plate 
obtained in Production Examples 1 and 3, and a polyethylene 
porous film as a separator was interposed between them to 
make a battery unit whose positive electrode plate side is 
upper side. Ten battery units were piled up through a 
separator, and then one current collecting bundle as a positive 
electrode and one current collecting bundle as a negative 
electrode were made by bundling metal pieces for collecting a 
current, respectively. The negative electrode was lead to the 
lower most layer and the positive electrode was lead to the 
upper most layer and the resultant was placed in a metal 
container. Then, a solution, prepared by adding lithium 
hexafluorophosphate (1 mol/1) to a mixed solvent of ethylene 
carbonate and dimethyl carbonate in a volume ratio of 1:1 was 
added, was used as an electrolyte solution to obtain a coin type 
lithium ion secondary battery. The electric capacity was 180 
mAh. 

Example 3 

The carbon thin plate produced in Production Example 3 
was used as the negative electrode, and a disc obtained by 
charging a part of a mixture comprising 84 parts of lithium 
cobaltate, 7 parts of a carbon powder, 2 parts of acetylene 
black and 7 parts of polyvinyl pyrrolidone in a mold and 
forming under the pressure of 1 ton/cm 2 was used as the 
positive electrode. A polyethylene porous film as a separator 
was interposed between both electrodes and a solution, 
prepared by adding lithium hexafluorophosphate (1 mol/1) to a 
mixed solvent of ethylene carbonate and dimethyl carbonate in 
a volume ratio of 1:1 was added, was used as an electrolyte 
solution to obtain a coin type lithium ion secondary battery. 
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The electric capacity was 16 mAh. 
Comparative Example 1 

A coin battery having the same shape as that described 
above was constituted with a coated film comprising 90 parts 
of a carbon powder which gets some heat-treatment as the 
carbon in Production Example 3 and 10 parts of polyvinylidene 
difluoride, which has the same shape as that of the carbon thin 
plate of Production Example 3 and has an average particle 
diameter of 7 it m. As a result, the electric capacity was 14 
mAh. It is found that the performances are improved 
according to the present invention. 
Example 4 

A polyethylene porous film as a separator was 
interposed between the positive electrode and negative 
electrode obtained in Production Examples 2 and 4, and a 
solution prepared by adding lithium hexafluorophosphate (1 
mol/1) to a mixed solvent of ethylene carbonate and dimethyl 
carbonate in a volume ratio of 1:1 was added as an electrolyte 
solution to obtain a coin type lithium ion secondary battery. 
The electric capacity was 28 mAh. 
Comparative Example 2 

In case of both positive and negative electrodes, the 
above calcined product containing no fibers was ground to 
obtain a powder of lithium cobaltate having a median diameter 
of about 30 ii m and a powder of carbon having a median 
diameter of about 30 ii m. 

The positive electrode was produced by incorporating 9 
parts by weight of acetylene black, 9 parts by weight of a 
carbon powder and 12 parts by weight of polyvinylidene 
fluoride into 90 parts by weight of lithium cobaltate, 
dissolving the mixture in n-methyl-2-pyrrolidone to form a 
paste, applying the paste on an aluminum foil of a thickness of 
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20 // m, drying the paste, passing through the coated 
aluminum foil to adjust the thickness to 0.4 mm, and punching 
into pieces of a diameter of 15 \i m. The negative electrode 
was produced by incorporating 10 parts by weight of 
polyvinylidene fluoride into 90 parts by weight of a powder of 
carbon, dissolving the mixture in n-methyl-2-pyrrolidone to 
form a paste, applying the paste on an copper foil of a 
thickness of 15 /z m, drying the paste, passing through the 
coated copper foil to adjust the thickness to 0.4 mm, and 
punching into pieces of a diameter of 15 \i m. A polyethylene 
porous film as a separator was interposed between these 
positive electrode and negative electrode, and a solution 
prepared by adding lithium hexafluorohosphate (1 mol/1) to a 
mixed solvent of ethylene carbonate and dimethyl carbonate in 
a volume ratio of 1:1 was added as an electrolyte solution to 
obtain a coin type lithium ion secondary battery. The electric 
capacity was 14 mAh and the priority of the performances of 
Example 1 is shown. 

iparative Example 3 
^ y>A lithium carbonate powder and a cobalt carbonate 
>owder were weighed and mixed so as to be in a molar ratio 
(Li:Co) of and the mixture press-molded. Then, the 

resulting molded article was heat-treated in an atmospheric 
environment at 900"C for 3 hours and ground to obtain a 
positive electrode of a diameter of 15 mm, a thickness of 0.4 
mm and a density of 2.5 g/cm 3 . Then, a co-condensed 
composition comprising 100 parts by weight of furfuryl alcohol, 
46 parts by weight of 92% paraformaldehyde and 134 parts by 
weight of phenol Was charged to fill the space a cylindrical 
container of an iiiner diameter of 18 mm in the container. 
After the resin is (Wed by placing in a dryer at 80°C for 72 
hours, the resulting\bar-like cured article was cut into pieces 
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in the form oY a disc of a thickness of 0.5 mm by using a 
diamond cutter. Then, the disc was heat-treated under an 
inert atmosphere at 2200°C for 3 hours to carbonize the cured 
resin and to decompose and vaporize the impregnated fibers, 
thereby obtaining a carbon thin plate of a diameter of 15 mm, a 
thickness of 0.4 torn and a weight of 0.07 g. This carbon thin 
plate was applied! for the negative electrode. 

A polyethylene porous film as a separator was 
interposed between these positive electrode and negative 
electrode, and a solution prepared by adding lithium 
hexafluorophosphate (1 mol/1) to a mixed solvent of ethylene 
carbonate and dimethyl carbonate in a volume ratio of 1:1 was 
added as an electrolyte solution to obtain a coin type lithium 
ion secondary battery. This battery could not confirm the 
operation unless the current is adjusted to not more than 5 it 
A. In the measurement at such a weak current, the electric 
capacity was 3 mAh. 
Comparative Example 4 

A metal piece for collecting a current was attached to 
the positive electrode plate and negative electrode plate 
obtained in Comparative Example 2 by a spot welding, and a 
polyethylene porous film as a separator was interposed 
between them to make a battery unit whose positive electrode 
plate side is upper side. Ten battery units were piled up 
through a separator, and then one current collecting bundle as 
a positive electrode and one current collecting bundle as a 
negative electrode were made by bundling metal pieces for 
collecting a current, respectively. The negative electrode was 
lead to the lower most layer and the positive electrode was lead 
to the upper most layer and the resultant was placed in a 
metal container. Then, a solution, prepared by adding 
lithium hexafluorophosphate (1 mol/1) to a mixed solvent of 
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ethylene carbonate and dimethyl carbonate in a volume ratio 
of 1:1 was added, was used as an electrolyte solution to obtain 
a coin type lithium ion secondary battery. The electric 
capacity was 140 mAh. 

Even under the conditions, which are widely employed 
in fact, the superiority of the performances of Example 2 was 



shown. 
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